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Abstract: This article aims to review the current evidence which shows that the prevalence
of urinary tract infection (UTI) has been increasing in children with severe acute malnutrition
(SAM). UTI remains one of the most common causes of febrile illness in pediatric practice.
Most studies conducted among hospitalized children with complicated SAM have reported high
prevalence rates of UTI. Clearly, the knowledge of baseline risk of UTI can help clinicians to
make informed diagnostic and therapeutic decisions in these children. From the global reports
reviewed in this article, UTI prevalence rates range from as low as 6% to as high as 37% in
developing countries, while the most common bacterial isolates from urine cultures are Gram-
negative coliform organisms such as Escherichia coli and Klebsiella species. These findings form
the basis for the current diagnostic and therapeutic guidelines for clinicians managing children
with complicated SAM. With the reported high prevalence of UTI among these children and
concerns over antibiotic resistance, more extensive data are required using standardized micro-
biological methods. Thus, the assessment of the performance of urine dipsticks and microscopy
against the gold standard urine culture is an important step toward strengthening the evidence
for the therapeutic guidelines for UTI in children with SAM.
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Introduction

Urinary tract infection (UTI) remains one of the most common causes of febrile illness
in pediatric practice.'* In developing countries, it ranks next to gastrointestinal and
respiratory tract infections as the third most common bacterial infection in children.’

A number of host factors predispose children to UTTI; these include obstructive
uropathy, urolithiasis, incomplete emptying of the bladder with residual urine, noncir-
cumcision in boys, female sex after infancy, and constipation.® Nevertheless, there are
some host defense mechanisms, namely, the intrinsic defense of the bladder epithelial
cells, secretory immunoglobulin A (IgA) in urine, and blood group antigens in secre-
tions, which block bacterial adhesion to the lining of the urinary tract.’

UTTI is more common in malnourished children than in their well-nourished coun-
terparts, and the risk of UTI increases with the severity of malnutrition.” Severe acute
malnutrition (SAM) is associated with immune deficiency, which expectedly renders
affected children more vulnerable to severe infections.> ! As defined in the joint
statement by World Health Organization (WHO) and United Nations Children’s Emer-
gency Fund, SAM consists of two entities: severe wasting and nutritional edema.!!"!*
Severe wasting (marasmus) is defined as weight-for-height below —3 standard
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deviations (or Z-scores) or middle upper arm circumference
<11.5 cm.""13 Nutritional edema (kwashiorkor) is defined
as bilateral pitting edema independent of weight-for-height.

Most studies conducted in developing countries among
hospitalized children with complicated SAM (hypoglyce-
mia, hypothermia, lethargy, or other signs of illness) have
reported high prevalence rates of UTL.'*?! Clearly, the knowl-
edge of the baseline risk of UTI can help clinicians to make
informed diagnostic and therapeutic decisions in these children.

Thus, although there have been no randomized trials with
regard to the diagnostic strategies or different treatments for
UTT in children with SAM, some authors recommend dipstick
urinalysis/urine microscopy and antimicrobial treatment for
all children admitted with complicated SAM given the high
UTI prevalence rates.?

This article aims to review the current evidence about the
increased UTI prevalence in children with SAM and the basis
for the suggested treatment guidelines in affected children.

Using appropriate search terms, information was gathered
from Google, PubMed, and Medline databases, as well as
from relevant textbooks and web links. Recent studies on UTI
prevalence in children with SAM were appraised to present
an overview of their findings.

Studies on UTI prevalence in
children with SAM: an appraisal

Several studies have been conducted in many developing
countries in Africa,'*2! Asia,” and the Middle East,?> which
have reported varying prevalence rates of UTI in children
with SAM (Table 1). Notably, there are no regional dispari-
ties with respect to the implicated bacterial organisms; the
most common isolated organisms remain Gram-negative

bacilli with minor differences in the species reported across
the countries and regions.

The immune system and UTI risk
Generally, the effects of malnutrition on the immune system
include the following: reduced cell-mediated immunity;
diminished IgA response; reduced levels of complements;
decreased efficacy of phagocytes; atrophy of lymph glands,
tonsils, and thymus; as well as reduced inflammatory
response and migration of white blood cells to areas of tissue
damage. Since one of the defense mechanisms against UTI
is the elaboration of secretory IgA in urine, it is not surpris-
ing that with the diminished IgA response seen in malnutri-
tion, children with SAM are susceptible to UTI. The role of
secretory IgA in UTI episodes has been well documented in
many reports.>*?’

Some investigators examined the changes in secretory
IgA (sIgA), IgA, and free secretory component during the
first year of life in relation to age, sex, and infants’ feed-
ing practice; when healthy children were compared with
those with acute and recurrent UTI, acute UTI significantly
resulted in raised sIgA, IgA, and free secretory component
compared with controls.?* This finding was corroborated by
other authors who observed that the elevation of sIgA in
urine not only correlated with UTI in children but that sIgA
also seemed to be directed to the infective agent and could
thus be used to identify the type of infection.? Other workers
noted that female children with symptomatic UTI, who had
normal urinary tracts, had significantly higher sIgA excretion
rates than in either controls or girls without symptoms at the
time of study;* urinary sIgA excretion rates were particu-
larly highest in children with symptomatic UTI who had an

Table | UTI prevalence in children with complicated SAM: the situation in some developing countries

UTI prevalence

Most common bacterial isolates

Study Country (continent)

Rabasa and Shattima'* Nigeria (Africa) 11%
Page et al'* Niger (Africa) 16%
Okomo et al** The Gambia (Africa) 16.5%
Shimeles and Lulseged?® Ethiopia (Africa) 37%

Thuo et al?" Kenya (Africa)

Ahmed et al** Tanzania (Africa) 20.3%
Kala and Jacobs'® South Africa (Africa) 34.7%
Berkowitz'® South Africa (Africa) 31%
Caksen et al*® Turkey (Middle East) 30%
Brown et al*® Bangladesh (Asia) 30%
Bagga et al™® India (Asia) 15.2%
Banapurmath and Jayamony?®® India (Asia) 8%

6% (culture-proven), 24% (positive dipstick)

Gram-negative bacilli especially
Escherichia coli

E. coli

Klebsiella sp.

E. coli and Klebsiella sp.
Gram-negative enteric bacilli
Coliforms

E. coli and Klebsiella sp.

E. coli

E. coli

E. coli

Gram-negative bacilli
Gram-negative bacilli

Notes: *Prospective studies; *prospective case—control studies.
Abbreviations: UTI, urinary tract infection; SAM, severe acute malnutrition.
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abnormal urinary tract. Furthermore, it was concluded from
another study that low urinary sIgA may also represent an
important predisposing factor to recurrent UTL.?

The effect of malnutrition on IgA has been established
albeit in animal studies.?*° In one of the studies, the results
suggested that protein deprivation resulted in a reversible
reduction in the IgA response to antigens.” Similarly,
other researchers specifically demonstrated that the protein
deprivation in mice is accompanied by the stimulation of
Lyt-2+ suppressor T cells which suppress IgA response after
oral antigenic exposure.? In addition, the findings from a
related study showed that dietary protein played a signifi-
cant, site-specific role in the developmental expression of
the secretory immune system, as severe protein malnutri-
tion dramatically suppressed this immune component in
the rat models.*

Although the pattern of UTI etiologic agents is similar
in malnourished and non-malnourished children, transfer-
rin levels are generally reduced in SAM, leading to free,
unbound iron in circulation. This is thought to provide a
milieu for Gram-negative organisms to thrive, resulting in
Gram-negative sepsis and subsequently UTI through the
hematogenous route.

UTI prevalence rates and the

isolated organisms

In the West African subregion, a hospital-based prospective
study in Nigeria documented a prevalence rate of ~11%."
The authors investigated 194 children with severe protein-
energy malnutrition, leading to UTI, and noted no difference
between the sexes. The absence of sex difference in the study
could be explained by the predominant age bracket of the
recruited patients. Given the known epidemiological pattern
of UTI, the prevalence generally appears to be equal for both
sexes during infancy, with male predominance in the neonatal
period and female predominance during early childhood and
the period of toilet training. Furthermore, Gram-negative
organisms with preponderance of Escherichia coli were the
most common isolates: a finding which also underscores the
fact that majority of the subjects were possibly not yet toilet
trained. In the neighboring Niger Republic, other workers
documented a prevalence of 16% in 300 hospitalized chil-
dren with complicated SAM." E. coli represented more than
75% of the microorganisms isolated, followed by Klebsiella
pneumoniae, Proteus mirabilis, and E. faecium. UTI were
more frequent in children under 1 year of age and there was
no significant association with sex. The urinary dipstick was

positive for leukocytes and/or nitrites in half of the children
with culture-proven UTI.

In a similar study in South Africa, other investigators
evaluated 75 children with malnutrition by urine culture
on suprapubic specimens.'® Imaging studies such as renal
ultrasound, intravenous urography, and micturating cysto-
urethrography were also conducted, and the results did not
reveal anatomic abnormalities and reflux, thus excluding con-
founders of UTI risk. The prevalence rate of UTI was 34.7%
with a male preponderance. The overall prevalence of UTI in
children with kwashiorkor and marasmic-kwashiorkor was
42%. This study gives a comparatively high prevalence rate.
It is possible that a confounding factor such as absence of cir-
cumcision was not considered, since majority of the subjects
who had UTI were reportedly male children. Again, the most
commonly cultured organism was E. coli as was noted in the
Nigerian study.!* Other workers in a rural hospital in South
Africa reported a UTI prevalence of 26.1% after investigat-
ing 134 children, under the age of 5 years, with all grades
of malnutrition.'” In a prospective study, one researcher in
the same country reported a UTI prevalence of 31% in 68
Negroid children admitted to the hospital with kwashiorkor,
marasmus, or marasmic-kwashiorkor.'® The UTIs that were
diagnosed using suprapubic urine specimens were caused by
E. coli. When compared to the study conducted in Nigeria,
the prevalence rates in these South African studies appear
to be relatively high. Perhaps, the malnourished children in
these studies'®!” also had other comorbid immunodeficiency
states such as retroviral infection; its seroprevalence being
notably high in South Africa.!” Nevertheless, some workers
in South Africa have documented that HIV/AIDS per se
showed no significant impact on the presentation of UTI in
children.?! In the study in which they compared HIV-positive
and HIV-negative children with UTI, they noted that the
clinical presentation, etiological agents, response to therapy,
and renal function were similar in both groups.*! In addition,
the rate of male circumcision — a confounding variable — is
comparatively low in the country. In an Indian study, which
assessed the pattern of periurethral bacterial flora in uncir-
cumcised boys and evaluated the effect of circumcision on
alteration of periurethral uropathogenic bacterial flora, the
investigators have provided circumstantial evidence support-
ing the idea that early circumcision may be beneficial for the
prevention of UTI in male children.*

Elsewhere in Ethiopia, a prospective study on the clini-
cal profile and pattern of infection in 90 children with severe
protein-energy malnutrition reported a high UTI prevalence of
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37%.% The study group consisted of 44 (49%) children with
marasmus, 29 (32%) with marasmic-kwashiorkor, and 17
(19%) with kwashiorkor, with their ages ranging from 4 to 60
months. The isolated bacterial pathogens were predominantly
Gram-negative enteric organisms. Again, it is possible that
confounders such as sex and circumcision could have accounted
for this high prevalence figure. In addition, the age bracket of
the study population was within the pretoilet training and toilet-
training period, a phase that contributes to UTI risk in children.

In another hospital-based study in Turkey (Middle East),
103 children with malnutrition were investigated prospec-
tively for UTL.2 The authors reported a UTI prevalence rate
of 30%. Similar to the previous reports, the most common
isolated microorganism from urine cultures was E. coli. The
major limitation in all these studies 20 was the methodol-
ogy that was adopted as it failed to include nonmalnourished
controls. It would have been a more acceptable study design
to validate the observation that children with SAM have
increased risk of UTI.

Nevertheless, a prospective study in India (Asia) exam-
ined the incidence of bacteriuria in malnourished children
between 6 months and 5 years of age using a better methodol-
ogy.” The workers included for each malnourished patient, a
nonmalnourished control matched for age, sex, and presence
of fever and diarrhea. Significant bacteriuria was noted in
17 (15.2%) malnourished and two (1.8%) nonmalnourished
controls (P<0.01). The difference between the incidence of
bacteriuria in febrile malnourished (28.6%) and nonmalnour-
ished subjects (5.7%) was considered to be statistically sig-
nificant. The authors therefore concluded that malnourished
children, particularly those with fever, were at risk of UTL.”
In another study in India using the same methodology, the
investigators enrolled 88 severely malnourished preschool
children to determine the prevalence of UTI.* Fifty-three
well-nourished preschool children served as controls. UTI
was reported in 8% of the malnourished children.

In Tanzania (East Africa), a group of researchers studied
402 malnourished children under the age of 5 years, predomi-
nantly of male sex, and reported that 20.3% had significant
bacteriuria consisting of Gram-negative enteric bacteria,*
E. coli and K. pneumoniae being the predominantly isolated
bacteria. In another East African country (Kenya), a 2-year
prospective hospital-based study conducted on 498 mal-
nourished children showed a positive dipstick test (leukocyte
esterase and nitrite) for UTI in 24% of the cases; however,
culture-proven UTI was detected in 6% of the children.”!
It is remarkable to note that all the bacterial isolates in the
study were coliforms.

In one prospective hospital-based study in the Gambia,
among 140 children admitted with complicated SAM, the
authors reported the prevalence of bacteriuria as 16.5%.%° The
predominant urinary pathogens were E. coli and Klebsiella
species. Finally, in another Asian country (Bangladesh), a
systematic evaluation of 100 children admitted to hospital
for severe protein-calorie malnutrition was conducted for
the presence of infections;*® the workers reported a UTI
prevalence rate of 30%.

In summary, there appears to be unanimity in the find-
ings of these studies on the predominance of Gram-negative
organisms as etiologic agents but with little or no regional
differences.

Severity/grades of malnutrition and
UTI risk

Interestingly, some of the reviewed studies also highlighted
the influence of the severity/grades of malnutrition on the risk
of UTL7'*'7 In one of'the studies in India, the authors reported
that the risk of bacteriuria increased significantly with the
severity of malnutrition and in patients with diarrhea.” Their
observation, however, contrasts with the findings of other
studies in Nigeria'* and South Africa,!” which showed that
prevalence rates among the grades of malnutrition did not
vary significantly. The plausible explanation for the differ-
ences, however, remains unclear; one possible reason might
be due to the differences in the methodologies followed in
different studies: one was a case—control study,” while the
others were prospective studies with no controls.'*!”

Routine screening for UTI
in children with SAM:is it an

acceptable guideline?

Current WHO guidelines recommend administering routine
antibiotics for all children with SAM, even if they pres-
ent with uncomplicated disease with no clinically evident
infections including UTL.'> However, a recent systematic
review and meta-analysis of three randomized controlled
trials (RCTs), five Cochrane reviews, and 37 observational
studies found little evidence underpinning the current WHO
recommendations for routine antibiotics in uncomplicated
SAM.? The authors also observed that susceptibility studies
favored amoxicillin over co-trimoxazole.

Guidelines or management protocols are predicated upon
findings from studies with high levels of evidence. Unfortu-
nately, there have been no RCTs on the diagnostic strategies or
different treatments for UTI in children with SAM.?> However,
with the relatively high prevalence of UTI reported among

submit your manuscript

124

Dove

Pediatric Health, Medicine and Therapeutics 2016:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

The prevalence of UTI in malnourished children

children with complicated SAM, it has been suggested that it
would seem prudent to test and treat all children admitted with
complicated SAM using urine dipstick or microscopy.?! The
dipstick urinalysis essentially utilizes the leukocyte esterase
and nitrite tests to establish the diagnosis of UTI. A positive
leukocyte esterase test indicates the presence of pyuria, but a
urine microscopy is required to confirm the finding. Pyuria is
defined as the presence of >10x10°¢ white blood cells (WBC)/L
in an uncentrifuged urine sample or >5x10° WBC/L in a cen-
trifuged urine sample.’” The predictive value of pyuria as an
isolated result is, however, poor and cannot be recommended
for making a presumptive diagnosis of UTI, since it can also
occur in other conditions such as febrile states of non-UTI
origin, urolithiasis, and renal tuberculosis (the so-called “sterile
pyuria”).’ The clinician is thus faced with two vital decisions
before the treatment: administering empirical antibiotics for
UTI or performing routine urine tests for UTI. A closer look
at one of the globally accepted guidelines (National Institute
for Health and Care Excellence [NICE] guidelines), may pro-
vide the clue to resolve this management dilemma. The NICE
guidelines, published in 2007, have substantially changed clini-
cal practice regarding the diagnosis, clinical management, and
subsequent radiological investigation of the child with a UTL.
The guidelines gave a summary of the treatment decisions to
be taken depending on the results of the urine dipstick tests as
follows: if leukocyte esterase and nitrite positive, start antibiotic
treatment for UTI, and send urine for culture if high or interme-
diate risk of serious illness or past history of UTI; if leukocyte
esterase negative and nitrite positive, start antibiotic treatment
and send urine for culture; if leukocyte esterase positive and
nitrite negative, treat only if there is a good clinical evidence
of UTI, and culture the urine and treat depending on the result;
and finally, if both leukocyte esterase and nitrite negative, do not
treat as UTI or send urine for culture (Table 2).® Although the
guidelines were not necessarily formulated for UTI in children
with SAM, they could equally be applicable in these children.
Based on global reports, which indicate the preponderance of
Gram-negative organisms as isolates, the choice of ampicillin
and gentamicin as the first-line recommended broad spectrum
antibiotics for complicated SAM should be able to cover the
commonest community-acquired organisms causing UTI, the
caveat being the absence of a high level of local resistance to
gentamicin. Some authors recommend that urine tests should
only be performed if a febrile illness in a child presenting with
SAM fails to resolve after 48 hours of intravenous antibiotics.?
Thus, the need to perform routine urine tests as the first clinical
decision at admission depends partly on the often unknown
local-resistance patterns and partly on resources. Incidentally,
the NICE guidelines seek to reduce the heavy burden on

Table 2 Guidelines on interpretation of urine dipstick results
and management options for UTI in children

Dipstick urinalysis results Recommended plan of action

Positive leukocyte esterase  Antibiotic treatment for UTI

and nitrite tests Urine culture if risk of serious illness is high
or intermediate and past history of UTI
Negative leukocyte esterase  Antibiotic treatment
and positive nitrite tests
Positive leukocyte esterase

and negative nitrite tests

Urine culture

Antibiotic treatment only with good
clinical evidence of UTI

Urine culture and treatment based on
results

Negative leukocyte and Antibiotic treatment and urine culture

nitrite tests not necessary

Note: National Institute for Health and Care Excellence (2007) adapted from
CG54 Urinary tract infection in under 16s: Diagnosis and management. Manchester:
NICE. Available from https://www.nice.org.uk/guidance/cg54.® The material was
accurate at the time of going to press.

Abbreviations: UTI, urinary tract infection; NICE, National Institute for Health
and Care Excellence.

primary and secondary care resources, limit treatment costs, and
promote evidence-based approach in the management of UTI
in children.’” Despite the fact that the ability to perform urine
culture and sensitivity test provides the possibility of tailoring
treatment individually, the test may not be readily available in
resource-poor countries where SAM is prevalent. Moreover,
the test may not reveal all the bacterial pathogens involved.
Therefore, in places of proven resistance to gentamicin, other
antibiotics such as cephalosporin, nitrofurantoin, and cipro-
floxacin have been suggested as reliable empirical alternatives.?

Additional evaluation for UTI in
children with SAM

For children aged 6 months to 5 years, no further investiga-
tions are recommended for a UTI which responds well to
treatment.?? Children with recurrent or persistent UTI require
further evaluation to identify possible underlying anatomi-
cal abnormalities and sites of renal parenchymal damage or
persistent infection. However, the current NICE guidelines
recommend that different investigations should be performed
according to whether there is a good response to treatment
within 48 hours, whether there is evidence of atypical UTI,
and whether there is evidence of recurrent UTI, and the age
of the child should also be taken into consideration.’® While
the estimation of plasma urea or creatinine is vital to estab-
lish renal impairment, additional radiological evaluation is
performed based on the availability of investigations and
resources. However, abdominal ultrasound scan to detect
structural abnormalities remains essential and is fortunately
accessible. Where resources are available, a micturating
cystourethrogram and/or a dimercaptosuccinic acid scan at a
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tertiary facility should be the next line of investigation. These
structural abnormalities may indeed serve as confounding
variables in children with SAM whose immune deficiency
and possible comorbid abnormalities constitute potential risk
factors for recurrent UTI.

Conclusion

From global reports, there is overwhelming evidence to
suggest that children with SAM have increased risk of UTI,
although prevalence rates range from as low as 6% to as
high as 37%. The wide variation in prevalence rates could be
explained by the use of different study methods, as well as
consideration or nonconsideration of study confounders. The
most common bacterial isolates from urine cultures remain
Gram-negative coliform organisms such as E. coli and Kleb-
siella species. These findings have formed the basis for the
current diagnostic and therapeutic guidelines for clinicians
managing children with complicated SAM.

Despite the dearth of published studies on UTI among
children with uncomplicated SAM, the existing data do not
suggest a need to test every child with uncomplicated SAM
for UTIL.22 NICE guidelines have, however, been published
as evidence-based recommendations to guide the clinician
in the management algorithm of children with UTI. Among
outpatients, performing routine dipstick urine test in febrile
children with uncomplicated SAM may be an acceptable rec-
ommendation. Finally, given the high prevalence of UTT among
children with complicated SAM, as reported in the literature,
and concerns over antibiotic resistance, more extensive data
using standardized microbiological methods are required.
Thus, the assessment of the performance of urine dipsticks
and microscopy against urine culture (which remains the gold
standard) is an important step toward strengthening the evi-
dence for the therapeutic guidelines for UTI in these children.
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